This 
INTRODUCTION
Poor planning in the location and allocation of maternal health care resources has been identified in the literature as a major obstacle to attempts at reducing maternal mortality in developing countries (Ayeni and Rushton, 1985; Ikporukpo, 1987; Okafor, 1990; 1991; Gupta et al, 2003; Maguns, 2008; Comber, 2011) . This is mainly due to the fact that the provision of maternal health care services is often characterized by issues of parochialism and corruption. Consequently, questions such as 'how many facilities are needed, who gets what and where' have been largely ignored in health care policies and strategies resulting in a situation where accessibility is poor and maximum coverage is not achieved. In 2013 Nigeria accounted for 14% of the world's total number of maternal deaths making Nigeria the country with the highest number of maternal deaths in sub Saharan Africa and about the second highest worldwide (WHO, 2014) . Maternal mortality rates are as high as 3,380 and 3,525 maternal deaths per 100,000 live births in the cities of Lagos and kano. This is in spite of considerable investments in the maternal health care service delivery system and the adoption of programmes such as the safe motherhood initiative (1990) and the making pregnancy safer (MPS) initiative (2001) .
In Nigeria, the provision of maternal health care services is based on a three tier hierarchical system. At the bottom of the hierarchy are primary health care centres such as maternity clinics which serve as the first contact for most women to maternal health care. These clinics focus on the early detection and prevention of direct and indirect obstetric diseases and maintenance of overall health. Since they handle issues which occur frequently they tend to be ubiquitous. More complex pregnancy related complications are handled by secondary health care centers which offer emergency treatment and critical care or by tertiary health centers that provide very specialized services for handling very serious complications. Like in most third world countries maternal health care is also obtained from traditional health care centres. Although they are more common in rural areas, they are also widely used in cities. Skilled health care workers play a critical role in the provision of ante natal and post natal care in Nigeria. They include doctors, nurses and midwives who have been trained to proficiency in the skills necessary to manage pregnancies and deliveries. In the rural areas, traditional birth attendants (TBAs) and community health workers (CHWs) provide support to pregnant women especially during childbirth as well as a lot of emotional support and comfort often lacking in the orthodox health care system Deciding where and how much maternal health care services to provide is therefore a critical step in improving the health and survival chances of Nigerian women before, during and after giving birth. However such decisions cannot be successfully made without assessing the present supply and distribution of maternal health care services in light of population size, present and projected demand etc. The best location in the supply of these facilities is therefore one that enhances accessibility while ensuring that the quality and quantity of services needed are met (Marsh, 1994; Daskin and Dean, 2004; Mainardi, 2007) . Penchansky and Thomas (1981) recognized five dimensions of accessibility: Physical distance/access, availability, affordability, acceptability and accommodation/quality of services. The last three factors which are aspatial factors reflect socio-economic, demographic, cultural and religious factors in the access to health facilities while accessibility and availability factors are spatial in nature and are frequently considered together under the term 'spatial accessibility' in location studies (Guagliardo, 2004; Higgs,2004; Okafor,2012) . Surprisingly, most studies in Nigeria seem to focus on the demand side i.e. on socio-economic, cultural, religious and political factors that influence realized accessibility without fully recognizing that the location of facilities plays a major role in determining their use and effectiveness. Also, studies have not examined the relationship between the distribution of maternal health care facilities and maternal health outcomes such as maternal mortality. In an earlier study, Ayoade (2014) modeled the walking and driving service areas of public maternal health care facilities in Ibadan metropolis, Nigeria using the circular buffer method and assessed their distributional pattern using nearest neighbor analysis and Moran's I statistic. Results showed that many women reside within 20km of public maternal health care facilities even though the facilities are randomly distributed. This paper examines the provision of both maternal health care facilities and skilled birth attendants in relation to the population of women aged 15-49 years as well as the relationship between the availability of these maternal health care services and the rate of maternal mortality in Ibadan, Nigeria. The objective of this study is to examine the location and distributional pattern of public maternal health care facilities and skilled birth attendants in relation to the pattern of maternal mortality in Ibadan metropolis, Nigeria.
Study Area
The study was carried out in Ibadan, the capital city of Oyo State located approximately on Longitude 3 o 58'East of the Greenwich Meridian and Latitude 7 o 23' North of the equator (Fig 1) . Since its emergence in 1829, Ibadan has continued to grow both in population and areal extent. Today, the metropolitan area of Ibadan comprises eleven local Government areas. Five of these constitute the core area of Ibadan metropolis. These are Ibadan Southwest with headquarters in Ring Road; Ibadan Northwest with headquarters in Onireke; Ibadan North with headquarters at Bodija; Ibadan Northeast with headquarters along Iwo Road; and Ibadan Southeast with headquarters at Mapo. The other six local government areas covering parts of the city and the surrounding rural areas are Akinyele, Egbeda, Lagelu, Oluyole, Ona Ara, and Ido Local Government Areas. According to the 2006 census, Ibadan has a total population of 2,559,853 made up of 1,295,243 females out of whom 677,142 (52.28%) are of child bearing age. There is therefore need to ensure that there is an adequate supply and optimal distribution of maternal health care services in Ibadan metropolis.
METHODOLOGY
The following data were collected for this study from both primary and secondary sources: 
Data Analysis and GIS Mapping Procedure
Using ArcGIS 9.3 and Micosoft Excel as data processing tools, the mapping and analytical procedure designed for this study is schematically shown in Fig 2. Rank correlation analysis was used to assess the level of association between the following: a) Maternal mortality rates and number of public maternal health care facilities. b) Maternal mortality rates and number of skilled maternal health care personnel. c) Number of public maternal health care facilities and the number of women aged 15-49 years. d) Number of skilled maternal health care personnel and the number of women aged 15-49 years. Data collected were further processed and analyzed as follows:
 Attribute data collected were entered into Microsoft excel, imported into ArcGIS for mapping. The supply of skilled birth attendants and facilities were expressed in terms of ratio to the female population aged 15-49 years and land area and assessed using classifications based on WHO standards ( It is important to note a few limitations of this study which could be addressed in future research particularly with the availability of more detailed data. First of all, the population-based measures used are based on the assumption that services are equally available although in reality accessibility varies over space and with differences in socioeconomic characteristics. They also do not consider the migration of patients across administrative boundaries. Secondly, the lack of data especially at ward levels led to the use of aggregated data on a LGA basis, hence internal/community level variations could not be examined.
RESULTS AND DISCUSSION
The Spatial Distribution of Public Maternal Health Care Facilities and Skilled Birth Attendants in Ibadan metropolis.
In terms of supply, Ibadan has 240 public maternal health care facilities out of which 231 (96%) are primary facilities, 7(2.92%) are secondary facilities and 2 (0.83%) are tertiary public maternal health care facilities. Most (208) Southeast (14) . Jointly they have a total of only 36 (1.3%) which is comparatively very small. Majority of the skilled maternal health care workers in the study area are nurses/midwives. Although, they provide critical medical support especially during the delivery process, we cannot underestimate the need for an adequate supply of skilled and experienced doctors critical for handling more challenging obstetric cases.
The Availability of Public Maternal Health Care Facilities and Skilled Birth Attendants in Ibadan Metropolis.
It was discovered that in relation to the 677,142 women of reproductive age, Ibadan has a an average of one public maternal health care facility per 2,821 women aged 15-49 years which exceeds the WHO standard of a maximum of 1:2,000 thus indicating that the overall supply of public maternal health care facilities in Ibadan is inadequate. On a LGA basis, Ibadan Southeast has the poorest level of availability with the highest number of women aged 15-49 years per facility (1: 5,785) while Ido has the best level of availability with the lowest number of women aged 15-49 years per facility (1: 1,395). As shown in Table 2a, 8 LGAs were found to be disadvantaged in the provision of public maternal health care facilities when compared with WHO standards (Table 2a) .
Prominent among them are Ibadan Southeast (1:5,785), Ibadan North (1:4,693) and Ibadan Northeast (1:3,687). On the other hand, Oluyole (1:1,944), Akinyele (1:1,835) and Ido (1: 1,395) were found to be moderately advantaged. However, this was not the case when compared to land area size (Table 2b) . Public maternal health care facilities in Ido LGA were found to have very wide catchment areas with a land area (Km 2 ) per facility of 1:53.21 followed by Oluyole (1:23.53) and Ona-Ara (1:21.29). On the other hand, Ibadan Northeast have the best coverage with one facility serving 2.14km 2 followed by Ibadan Southwest (1:3.81), Ibadan Northwest(1:3.93), Ibadan Southeast(1:4.85) and Ibadan North (1:7.36). This suggests that women resident in the city core will not have to travel as far as their counterparts in other Local Government Areas to available public maternal health care facilities (Fig 3a & b) . (Fig 3c) . On the other hand, the study area as a whole has a very good supply (1:252) of skilled maternal health care workers in relation to the population of women aged 15-49 years when compared with WHO standards (1:435). However, on a LGA basis large variations in supply are evident. Table 3a shows that Ona-Ara (1:6,253), Ibadan Southeast (1:4,958) and Egbeda (1:3,217) have the poorest level of supply of total skilled maternal health care workers per women aged 15-49 years while Ibadan North (1:43), Southwest (1:181) and Northwest(1:361) have a very good level of availability. In relation to land area, Ibadan has a land area (Km 2 ) per personnel of 1:1.29 indicating that on the average skilled maternal health care workers are in close proximity to women of reproductive age. However, at the LGA level, Ido and Ona-ara have the worst level of availability of doctors, nurses/midwives and consultants in terms of land area served (Table 3b) . On the other hand, the best supply of skilled maternal health care workers in terms of land area served is in Ibadan North (1:0.07), Ibadan Southwest (1:0.32), Northwest (1:0.51), Northeast (1:0.88) and Southeast (1:4.16), (Fig 4a & b) . Vol. V, No. 4 / 2016 Likewise, the location quotient scores showed that Ibadan North and Southwest are clearly marginally advantaged while Ido, Ona-Ara, Ibadan Southeast and Egbeda are largely deprived access to an adequate supply of skilled maternal health care workers (Fig 4c) . The summary of location quotient scores for the 11 Local Government Areas showed spatial disparities in the location of public maternal health care services (Table 4a & b) .
It was found that all the Local Government Areas are deprived either in terms of the provision of public maternal health care facilities or level of availability of skilled maternal health care workers. Overall, Ibadan North and Southwest are largely favoured in the provision of these services while Ona-Ara, Ibadan Southeast, Northwest, Northeast and Egbeda are the most deprived areas. Based on a classification of location quotient scores, Ibadan was grouped into three regions of varying levels of availability and accessibility to public maternal health care services (Fig5). Results from the rank correlation analysis showed that the relationship between the supply of public maternal health care facilities and the number of women aged 15-49 years in Ibadan is not significant (rs = 0.23). The relationship between the provision of skilled maternal health care workers and the number of women aged 15-49 is also not significant (rs = 0.42). This suggests that the provision of maternal health care facilities and the deployment of maternal health care workers have not taken into cognizance the population of women beneficiaries.
LGA mean that the supply of both maternal health care facilities and workers is not important. The results obtained from this study may be due to the fact that incidents of maternal mortality are often under reported. Improving the adequacy and overall coverage of public maternal health care facilities and health care workers should still be a major priority in the planning of maternal health care in Ibadan.
CONCLUSION
Clearly, some Local Government Areas in Ibadan have a fairly adequate supply of public maternal health care facilities when compared to the number of women of child bearing age but a poor level of availability or coverage when compared to land size. Such differences can be explained by the population of women aged 15-49 years and the size of the land area these facilities serve. As a result Local Government Areas such as Ido, Akinyele and Oluyole have an adequate number of public maternal health care facilities in relation to the target population. However, they are largely primary maternal health care facilities and physical access to them is poor. On the other hand, some Local Government Areas such as Ibadan North, Southeast and Northeast have public maternal health care facilities that are inadequate for the population of women aged 15-49 years resident there. However, available facilities are likely to be much more accessible because of their smaller catchment area as indicated by the small land area per facility. Ona-Ara and Lagelu Local Government Area have a poor level of availability of public maternal health care facilities both in relation to the population of women aged 15-49 years and land area. In other words, not only are public maternal health care facilities inadequate, they are also poorly located. The poor supply and distribution of public maternal health care services could be addressed by taking into consideration the population of women aged 15-49 years and the land areas of the Local Government Areas in locating new facilities. It is also important for the Government to carry out extensive campaigns to educate the public of the importance of recording deaths especially maternal deaths. Public maternal health care facilities must also be encouraged to keep up to date records of patients, staff and medical resources and ensure that such up to date records are forwarded to the relevant Government and Research agencies. Most importantly, there is a need to establish an efficient health care information system for the efficient collection, processing and management of data. Government maternal health care agencies could also collaborate more with traditional health care centers through improving and monitoring their quality of service and incorporating them in the maternal health care referral system. This will make maternal health care accessible to people living in the rural and peri-urban areas of Ibadan metropolis.
